###### Key messages

What is already known about this subject?
=========================================

-   The United Arab Emirates (UAE) has one of the world's highest prevalence rates of type 2 diabetes mellitus (T2D).

-   Risk scores to identity individuals at high risk of T2D have been developed for other nations.

What are the new findings?
==========================

-   This study provides a risk score specific and appropriate to UAE citizens.

How might these results change the focus of research or clinical practice?
==========================================================================

-   Early detection of T2D in UAE citizens might allow an early intervention and reduces its complications.

Introduction {#s1}
============

The prevalence of type 2 diabetes (T2D) is increasing in nearly all populations worldwide.[@R1] The United Arab Emirates (UAE) has one of the world's highest prevalence rates of T2D of 18.7% and is expected to reach 21.4% by 2030.[@R2]

It has been well known that T2D is a major risk factor for premature mortality and serious complications such as heart attack, stroke, blindness, amputation and kidney failure.[@R3] These cause a large burden to the patients, their families and the healthcare system.[@R3] A number of studies have shown that type 2 diabetes and its complications can be prevented or delayed by implementing lifestyle modifications or using pharmacological treatment.[@R5] Therefore, identifying individuals with current undiagnosed diabetes or those at high risk of developing T2D in the future is of great importance in reducing the burden of diabetes and its complications.[@R7]

In this context, several researchers have already developed risk assessment tools for other nations based on simple routinely collected information and anthropometric measures to predict the risk of having undetected diabetes before sending individuals for blood tests.[@R9] However, these risk tools may not be useful or appropriate to the UAE population due to differences in lifestyle and ethnicity.

The aim of this study was to develop a simple, non-invasive, self-administered and informative risk score system appropriate for UAE citizens to identify individuals at high risk of having undiagnosed diabetes.

Methods {#s2}
=======

Study design and settings {#s2a}
-------------------------

The study accessed data from the UAE National Diabetes and Lifestyle Study. The UAE National Diabetes and Lifestyle Study is a cross-sectional survey designed to investigate the prevalence of diabetes and associated risk factors among UAE citizens and expatriates. The data were collected in two phases. In the first phase, non-UAE citizen adults (including our validation sample of Arab non-UAE citizens) who had lived in the UAE for at least 4 years were surveyed. In the second phase, data were collected from UAE citizens. The survey was conducted during 2013 in Sharjah and the Northern Emirates.

Participants {#s2b}
------------

We used the data collected in the second phase of the UAE National Diabetes and Lifestyle Study, which include only UAE citizens, aged 18 years and above. People with previously diagnosed diabetes, serious physical disabilities, learning disorders, severe communication barriers and pregnant women were excluded from the analysis.

Variables {#s2c}
---------

The variables considered included demographic (eg, gender, age, geographic location), family history of diabetes and lifestyle habits. Anthropometric measurements (weight, height and waist and hip circumferences), and systolic and diastolic blood pressure were obtained. In addition, a fasting blood samples were assayed for blood glucose and glycated hemoglobin (HbA1c).

Data sources/measurement {#s2d}
------------------------

The UAE National Diabetes and Lifestyle Study collected data from adult residents living in the Northern Emirates (Sharjah, Ajman, Ras al-Khaimah, Fujairah and Umm al-Quwain). Participants were recruited via a household survey of non-institutionalized adults, following a random selection of districts, and stratified by emirate using a cluster sampling method. The methods are described in detail elsewhere.[@R14]

Diabetes status was based on an HbA1c test. Cut-off values for the test were defined according to the WHO criteria, whereby \<6.5% was considered non-diabetic and ≥6.5% indicated diabetes.[@R15] A family history of diabetes was defined as a parent or a sibling with diabetes. Body mass index (BMI) was calculated by dividing a participant's weight in kilograms by his/her squared height in meters and placing participants into three categories (\<25, 25--29.9 and ≥30 kg/m^2^). The waist-to-hip ratio was calculated as the waist circumference divided by the hip circumference. A waist-to-hip ratio \<0.90 for males and \<0.85 for females was considered normal. Hypertension was defined as a self-report diagnosis and/or blood pressure ≥140/90 mm Hg.

Statistical analysis {#s2e}
--------------------

To describe the demographic and clinical characteristics of the population, we reported frequencies with proportions for people with diabetes and people without diabetes.

Univariate analyses were conducted to identify the significant risk factors. The non-significant variables were eliminated. Statistical significance was set at P\<0.05.

Stepwise forward logistic regression modeling was used to develop the score, with diabetes status (yes/no) as the dependent variable. The Omnibus Tests of Model Coefficients showed that the multivariate logistic regression models were statistically significant. The casewise plots were not produced because no outliers were found and no multicollinearity detected (variance inflation factor \<3).

For each significant variable in the multiple logistic regression analysis, a score was calculated by multiplying the regression coefficients by 10 and rounding to the nearest integer. The risk score for an individual patient was determined by adding the score for each variable in the risk model.

A receiver-operating characteristic (ROC) curve and the area under the curve (AUC) were used to evaluate the risk score developed and to determine a cut-off for our population based on maximizing a sum of sensitivity and specificity.

Data from Arab non-UAE citizens living in the UAE (phase I) were used to assess the validity of the UAE citizens' risk score (n=631).

The data analysis was performed with the Statistical Package for Social Sciences (SPSS) V.22 (IBM, New York, USA). Reporting followed the Strengthening the Reporting of Observational Studies in Epidemiology statement for cross-sectional studies.

Results {#s3}
=======

Of the 872 participants in the study, 449 (51.5%) were male, and the mean was age 42.8 (SD 13.4) years. The crude prevalence of total diabetes in the Emirati adult population in the Northern Emirates was 25.1%. The prevalence of undiagnosed diabetes was 14.8%. [Table 1](#T1){ref-type="table"} describes the sociodemographic, medical history and anthropometric characteristics of the study participants. The risk factors for undetected diabetes were evaluated using univariate regression analysis ([table 2](#T2){ref-type="table"}). Gender, income, education and smoking status were not statistically significantly associated with the presence of diabetes (P\>0.05), and were, therefore, excluded from our final model ([table 2](#T2){ref-type="table"}).

###### 

Socioeconomic, medical and anthropometric characteristics of the participants

  Variable                                                 No diabetes, n (%)   Diabetes, n (%)   P value
  -------------------------------------------------------- -------------------- ----------------- ----------
  Sex                                                                                             
   Female                                                  320 (49.0)           103 (47.0)        0.613
   Male                                                    333 (51.0)           116 (53.0)        
  Age, years                                                                                      
   18-- 34                                                 219 (33.5)           20 (9.13)         0.001
   35--64                                                  416 (63.7)           164 (74.8)        
   ≥65                                                     18 (2.8)             35 (16)           
  Education                                                                                       
   Did not complete secondary school                       89 (13.7)            89 (45.2)         0.189
   Completed secondary school                              296 (45.6)           66 (33.5)         
   Tertiary education                                      264 (40.7)           42 (21.3)         
  Income, year (AED)                                                                              
   ≤35 999                                                 147 (27.3)           48 (30)           0.260
   36 000--179 999                                         128 (23.7)           43 (26.9)         
   ≥180 000                                                264 (49)             69 (43.1)         
  Regions                                                                                         
   Sharjah                                                 329 (50.4)           111 (50.7)        0.174
   Umm al-Quwain                                           73 (5.7)             16 (7.3)          
   Ras al-Khaimah                                          204 (31.2)           32 (19.2)         
   Fujairah                                                45 (6.9)             29 (13.2)         
   Ajman                                                   38 (5.8)             21 (9.6)          
  Smoking status                                                                                  
   No                                                      533 (87.9)           161 (86.1)        0.902
   Yes                                                     76 (12.1)            26 (13.9)         
  Moderate regular physical activity                                                              
   No                                                      573 (89.5)           184 (90.2)        0.786
   Yes                                                     67 (10.5)            20 (9.8)          
  Family history of diabetes mellitus (parents/siblings)                                          
   No                                                      501 (78.3)           74 (34.3)         0.030
   Yes                                                     139 (21.7)           142 (65.7)        
  Hypertension status                                                                             
   No                                                      543 (84.4)           104 (49.6)        \< 0.001
   Yes                                                     100 (15.6)           110 (51.4)        
  Body mass index, kg/m^2^                                                                        
   \<25                                                    184 (28.4)           30 (13.9)         \<0.001
   25--29                                                  244 (37.8)           72 (33.3)         
   ≥30.0                                                   219 (33.8)           114 (52.8)        
  Waist-to-hip ratio                                                                              
   \<0.90 for males and \<0.85 for females                 232 (63.5)           41 (19.4)         \<0.001
   ≥0.90 for males and ≥0.85 for females                   403 (36.5)           170 (80.6)        

AED, United Arab Emirates Dirham.

###### 

Univariate regression analysis of the risk factors for undiagnosed type 2 diabetes

  Variable                                                 OR (95% CI)            P value
  -------------------------------------------------------- ---------------------- ---------
  Gender                                                                          
   Female                                                  1                      
   Male                                                    1.01 (0.72 to 1.60)    0.763
  Age, years                                                                      
   18--34                                                  1                      
   35--64                                                  2.70 (1.91 to 5.39)    0.047
   ≥65                                                     5.19 (2.47 to 10.89)   \<0.001
  Family history of diabetes mellitus (parents/siblings)                          
   No                                                      1                      
   Yes                                                     3.37 (2.26 to 5.03)    \<0.001
  Smoking status                                                                  
   No                                                      1                      
   Yes                                                     1.18 (0.68 to 2.04)    0.566
  Moderate regular physical activity                                              
   No                                                      1                      
   Yes                                                     0.93 (0.55 to 1.57)    0.786
  Hypertension status                                                             
   No                                                      1                      
   Yes                                                     1.48 (1.04 to 2.18)    0.049
  Body mass index, kg/m^2^                                                        
   \<25                                                    1                      
   25.0--29.9                                              1.81 (1.14 to 2.89)    0.013
   ≥30.0                                                   3.19 (2.04 to 5.00)    \<0.001
  Waist-to-hip ratio                                                              
   \<0.90 for males and \<0.85 for females                 1                      
   ≥0.90 for males and ≥0.85 for females                   2.39 (1.64 to 3.48)    \<0.001

The variables included in the final logistic regression model were age (\<35 vs ≥35 years) (OR 3.38, 95% CI 2.23 to 5.12), a family history of diabetes (OR 2.08, 95% CI 1.47 to 2.96), BMI (kg/m^2^) (OR 1.97, 95% CI 1.17 to 3.30) and hypertension (OR 1.48, 95% CI 1.04 to 2.18), after stepwise forward modeling (P\>0.05) ([table 3](#T3){ref-type="table"}). The risk score for each variable in the model was calculated by multiplying the β-coefficient by 10 and to the nearest integer([table 3](#T3){ref-type="table"}).

###### 

Multivariable risk factors for undiagnosed type 2 diabetes

  Variable                                                 β-Coefficient   OR (95% CI)           P value   Score
  -------------------------------------------------------- --------------- --------------------- --------- -------
  Age, years                                                                                               
  18--34                                                   Reference       1                               0
  35--64                                                   0.424           1.75 (1.10 to 3.38)   0.037     4
  ≥65                                                      1.017           3.38 (2.23 to 5.12)   \<0.001   10
  Family history of diabetes mellitus (parents/siblings)                                                   
   No                                                      Reference       1                               0
   Yes                                                     0.734           2.08 (1.47 to 2.96)   \<0.001   7
  Hypertension status                                                                                      
   No                                                      Reference       1                               0
   Yes                                                     0.389           1.48 (1.04 to 2.18)   0.050     4
  Body mass index, kg/m^2^                                                                                 
   \<25                                                    Reference       1                               0
   25.0--29.9                                              0.129           1.14 (0.67 to 1.94)   0.637     0
   ≥30.0                                                   0.676           1.97 (1.17 to 3.30)   0.011     7
  Waist-to-hip ratio                                                                                       
   \<0.90 for males and \<0.85 for females                 Reference       1                               0
   ≥0.90 for males and ≥0.85 for females                   0.534           1.71 (1.08 to 2.69)   \<0.001   5
  Cut-off point                                            ≥19                                             

A score for each variable in the model was calculated by multiplying the β-coefficient by 10 and to the nearest integer. A score of ≥19 points indicated a high risk for having diabetes.

The performance of our model is shown in [figure 1](#F1){ref-type="fig"}, with an AUC of 0.82, 95% CI 0.78 to 0.86. The model revealed a moderate sensitivity of 75.4%, 95% CI 68.3 to 81.7 and specificity 70%, 95% CI 65.8 to 73.9, with an optimum cut-off ≥19 points to identify risk of having diabetes ([table 4](#T4){ref-type="table"}).

![Receiver-operating characteristic curves showing the performance of the diabetes risk score in predicting diabetes in the United Arab Emirates (UAE) citizens (area under  the curve (AUC)=0.82, 95% CI 0.78 to 0.86) and Arab non-UAE citizens (AUC= 0.80, 95% CI 0.76 to 0.84).](bmjdrc-2017-000489f01){#F1}

###### 

Performance characteristics of the non-invasive risk score for type 2 diabetes in the primary and validation cohorts

  -----------------------------------------------------------------------------------------------------------------------------------------
  Model                   AUC                 Cut-off   Sensitivity\          Specificity\          PPV                 NPV
                                                        % (95% CI)            % (95% CI)                                
  ----------------------- ------------------- --------- --------------------- --------------------- ------------------- -------------------
  UAE citizens            0.82 (0.78--0.86)   ≥19       75.4 (68.3 to 81.7)   70.0 (65.8 to 73.9)   45.3 (39.4--51.2)   89.6 (86.2--92.4)

  Arab non-UAE citizens   0.80 (0.76--0.84)   ≥15       74.4 (67.7 to 80.3)   71.5 (67.7 to 75.1)   46.1 (40.6--51.7)   89.5 (86.4--92.1)
  -----------------------------------------------------------------------------------------------------------------------------------------

AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; UAE, United Arab Emirates.

Model validation {#s3a}
----------------

We assessed the validity of this risk score on data collected from the non-citizen Arabs in first phase of the UAE National Diabetes and Lifestyle Study. We have chosen the data for the Arab population residing in the UAE because of their similarities with UAE citizens. Of the 631 Arab non-UAE citizens (validation sample), 455 (72%) were male, with a mean age of 38 (SD 11) years. The risk score model performed very similarly in the validation sample with a minimal decrease in the AUC value (0.80)and sensitivity (74.4%) and a minimal increase in the specificity (71.5%) ([table 4](#T4){ref-type="table"}). The cut-point, based on maximizing the sum of sensitivity and specificity, for diabetes was higher for the UAE citizens (≥19) than for Arab non-UAE citizens (≥15).

Discussion {#s4}
==========

Our study findings indicated a high prevalence of diabetes among UAE citizens who live in the Northern Emirates (25.1%) higher than what was suggested by previous studies in UAE citizens.[@R1] Furthermore, the latest figures suggested that the Gulf region has high risk factors for T2D, with the UAE performing the worst.[@R9]

We developed a scoring system to predict the presence of undiagnosed diabetes among adult UAE citizens. The risk factors identified from the univariate analysis were similar to those reported in earlier studies, and include self-reported demographic and behavioral factors, medical history and anthropometric measures.[@R9] The model included risk factors that could be obtained by self-report or measured by a health professional without the need for a blood sample. The significant risk factors identified in our model are age (≥35 years), a family history of diabetes (parents or siblings), blood pressure status, a BMI ≥30 and waist-to-hip ratio ≥0.90 for males and ≥0.85 for females.

Our scores showed moderate sensitivity and specificity in detecting undiagnosed diabetes. Therefore, this non-invasive model could be used to identify individuals at high risk of developing diabetes within the Emirati population. It provides a safe, inexpensive and easy self-administered tool for screening.

Compared with other studies conducted in the region (Kuwait, Saudi Arabia and Oman),[@R9] the results are quite similar in terms of performance and the numbers of risk factors evaluated. Furthermore, the Saudi study had a similar sensitivity to our study (76.6%), yet poor specificity (52.1%). Interestingly, the Saudi study included women with gestational diabetes in their model unlike most other risk scores. However, the authors did not mention whether they adjusted for gender in their model; in particular, they had a high number of males in their sample (62%). In addition, smoking was given the lowest point value in the Saudi Diabetes Risk Score. However, smoking did not contribute to our score. This is consistent with some of previously developed diabetes risk scores.[@R9]

The Kuwaiti model had higher sensitivity (87%) than our study but lower specificity (64%). The Omani risk score model performance varied, with sensitivity ranging between 78.6% and 62.8% and specificity between 73.4% and 78.2%. The risk factors identified by both Kuwaiti and Omani models were nearly identical to our model. In all models from the Gulf region, including that for the UAE, gender was not a component. This is different from studies from other regions such as Europe and Asia.[@R11]

There were several limitations to our study. First, it is based on residents in the Northern Emirates, which might not be representative of the overall UAE population. In addition, the higher prevalence of diabetes in some Emirates with unbalanced age distribution might mean that larger studies of these populations should be performed. Second, the data were not collected for this analysis, specifically. Third, we did not have another Emirati population on which to validate the score, although we believe that the non-citizen Arabs are a good proxy, although we note a male predominance in the Arab population (72%), which influences its generalizability. Finally, dietary intake was not included in our models. Studies have shown that diet and exercise interventions can significantly reduce the incidence of diabetes.[@R5]

Conclusion {#s5}
==========

This study developed a risk score model that is specifically designed and appropriate for UAE citizens to assess diabetes risk. It offers a non-invasive, inexpensive and safe tool for screening to identify Emiratis at high risk of having undiagnosed diabetes.
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